The Mechanism of the Inactivation of Human Fibroblast
Interferon by Mechanical Stress (Accepted I5 March I977) SUMMARY Jfnterferon derived from human fibroblasts is readily inactivated during agitation and filtration. This inactivation has been shown to be largely a product of mechanical stress, and has been studied in detail by subjecting interferon to controlled shear stress using a rotational viscometer. The possible mechanism of this phenomenon is discussed.
A recurrent problem with fibroblast interferon (F1F) has been its instability (Ng & Vilcek, i97z; Fantes, I973) during many routine manipulations and on storage. Its instability to mechanical stress such as shaking has always been particularly troublesome (De Somer et al. I973; Edy et al. I974) and is a property not shared with human leucocyte derived interferon (LIF). This study was undertaken firstly to discover how to quantify the amount of mechanical stress applied to interferon solutions and secondly to shed light if possible on the mechanism of this instability. The processes which appear most likely to cause inactivation on shaking in closed tubes as described by Edy et al. (I974) are: air oxidation, denaturation at the interface, adsorption to the vessel, or mechanical stress. These possibilities were investigated in turn.
F1F was preduced from several lines of human embryonic lung cell. The results presented here refer to FIF from the MRC 5 cell line but similar results were obtained with FIF from other cell lines. Interferon was induced in primed cells with poly(rI): poly(rC), essentially as described by Havell & Vilcek (I97Z) . Crude FIF had a specific activity of 5 x io 4 units]mg of protein. FIF purified by affinity chromatography (Davey et al. 1974 ) was also investigated. This had a specific activity in excess of 5 x io 7 units/mg of protein.
LIF was prepared by incubating fresh human buffy coat leucocytes at IO 7 cells/ml in medium RPMI I64O with IOO HAU[ml of Sendai virus for 24 h. The supernatant was collected by centrifugation and residual virus was inactivated by lowering the pH to z tbr 24 h at 4 °C. The antiviral activities of both LIF and F1F were determined by assessing the greatest dilution at which interferon preparations inhibited by 50 ~o the c.p.e, produced by Sindbis virus in Veto cells, and relating this to the potency of the reference research standard 69/I9.
Interferon wa s inactivated by shaking generally as described by Edy et al. (1974) . Stoppered 5 ml polystyrene tubes containing I ml of interferon were rotated end-over-end at about 5o rev/min.
Controlled shear stress was applied to an interferon solution in a rotational viscometer consisting of two concentric cylinders, the inner one of which could be rotated. The height of the annular shearing gap between the cylinders was 3o mm, and the width of the gap was either o'35 mm or o'65 mm. The diameter of the inner cylinder was z5 mm and the speed of rotation could be varied from o to IOO rev/min. In such a system the shear rate, G, is given by: where ~o is the angular velocity, R2 is the rotating radius and R1-R~ is the width of the annular gap (Yang, I96 0. The shearing experienced by the sample is thus a function of gap width, the rotational speed and the time for which the shear is applied. In later experiments a viscometer was constructed in which eight identical cylinders were mechanically linked to ensure the application of similar amounts of shear to replicate interferon samples. Temperature did not markedly affect the inactivation process and experiments were therefore performed at room temperature. Initial experiments using the shaking inactivation system confirmed the observations of Edy et al. 0974 ) that LIF appeared totally stable, while F1F lost 9 o to 95 ~ of its activity (see Fig. [ a) .
When samples of FIF were equilibrated with nitrogen before being shaken in an atmosphere of nitrogen, there was no apparent difference in either the rate or the extent of inactivation from that observed with interferon shaken in air. Inactivation also occurred in a vessel stirred by a magnetic stirrer which was completely filled and sealed so that there was no gas/liquid interface. Also replacement of the gas in the shaking system by an inert fluorocarbon did not affect the extent of inactivation. Thus, neither atmospheric oxidation nor the air/liquid interface seemed to play a major role in the inactivation of FIF in this system. Several workers have attributed losses of interferon to absorption to glass or plastic (reviewed by Fantes, ~973)-However, when we shook interferon in tubes of similar size made from soda glass, polyethylene, polypropylene, cellulose nitrate, polyallomer, borosilicate glass and stainless steel, the rate of inactivation was the same regardless of the vessel material.
We next investigated the effect of mechanical stress per se on interferon in our rotational viscometer. The results obtained when LIF and FIF were sheared to the same extent in this system (Fig. I b) are very similar to those illustrated in Fig. I (a) for inactivation of human interferon by shaking. As before, FIF was considerably inactivated while LIF was stable, suggesting that the same inactivation mechanism may be operating in both cases. It should be noted, however, that inactivation in the viscometer was much more rapid than that from shaking, presumably because of the greater mechanical stress involved.
The same results were obtained in both inactivation systems when either crude or purified FIF was tested. FIF derived from different cell lines did, however, exhibit differing degrees of lability to mechanical stress, which were paralleled in both test systems. The stability of each type of FIF was characteristic and completely reproducible but is not, at present, explicable. Possibly it reflects differing degrees of glycosylation of the FIF derived from different cell types.
There is further evidence that shear force is the factor governing the rate of inactivation of FIF in the rotational viscometer, since the other two variables controlling the shear stress encountered, namely rotational speed and the width of the annular gap, both had the predicted effect on inactivation of FIF (Fig. 2) .
Short communications
We were surprised to find that the primary factor governing inactivation is probably shear force. Although there are many examples of shear force rupturing very long chain molecules such as nucleic acids or linear synthetic polymers (e.g. Yamamura, Ide & Matsuzama, i973), it is not easy to envisage how a shear field could affect a relatively small molecule like interferon. It seems inconceivable that a sufficiently large shear couple could be developed to disrupt or distort the molecule significantly, unless its activity depends on an extremely loose association with some other molecule. This latter possibility seems very unlikely, particularly in view of the work of Stewart, De Clerq & De Somer (I974) which shows that interferon can spontaneously recover its biological activity after extremely disruptive treatments likely to break up any such associations. Additionally the work of Edy et al. (1974) and Cartwright, Senussi & Grady (I975) , showing that inactivation may be avoided by treatment of interferon with various low tool. wt. stabilizing agents, cannot readily be interpreted in terms of the activity depending on the integrity of loosely associated subunits.
Shear forces, however, can modify the properties of proteins, not only by dismembering the molecular structure but also by promoting the formation of molecular aggregates in protein solutions (Joly, 1958 ) . Such aggregation is more readily produced in asymmetric molecules which orientate in shear fields, and physical measurements have indicated that interferon may exhibit considerable assymetry (Schwartz, Rapoza & Smith, 1973) . Nevertheless even proteins not normally thought of as very asymmetric may be induced to form aggregates in this way (Joly, ~958) . Such aggregates may also be disrupted mechanically and the upward trends of the curves in Fig. 2 at high shear rates may possibly be explained in terms of the onset of turbulent flow between the cylinders producing partial disaggregation (Joly, 1958 ) .
It is possible that LIF molecules can resist shear-induced aggregation because they carry moieties which prevent aggregation by electrostatic repulsion. This is analogous to the protection conferred on FIF by the detergent bound after denaturation by mercaptoethanol, SDS and urea (Stewart et al. 1974) .
When protein molecules remain aggregated for a period of time, their association may be rendered permanent by the formation of disulphide bridges between reactive sulphydryl groups on the subunits (Warner & Levy, x958) . Some evidence that this may occur in the case of FIF and some measures which will prevent this effect are described in the following paper.
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